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Abstract 
Chalcedony dust is a mineral addition which has pozzolanic properties, similar to fly ash. Pozzolanic in nature, chalcedony dust 
causes the increase of absorption of sodium and potassium ions by the CSH phase of lower C/S molar ratio, decreasing their 
concentration in the concrete pore solution, thus eliminating the concrete damaging by ASR. The paper presents the 
characteristics of chalcedony dust and the results from the studies of alkali expansion in cement mortars containing this 
admixture. Its contribution to reducing expansion was demonstrated in the study, along with the relationship between the 
amount of the chalcedony dust and the magnitude of expansion resulting from ASR. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Concrete being a main material for construction elements production should has the defined properties chiefly 
durability and strength. These performance parameters of utmost importance for the quality of concrete are directly 
influenced by the interaction between aggregates and cement paste in the concrete and by the microstructure of 
hardened cement paste. At times, the products of this interaction may cause destructive changes in the concrete 
leading to cracking of concrete structures [1]. Alkali aggregate reaction is an example of this phenomenon. ASR-
based phenomena occurring in concrete are a serious challenge of concrete technology as they reduce the strength 
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of cement paste and concrete by producing expansion and cracking, reducing strength and frost resistance of 
concrete elements [2]. 
 
Both concrete and cement pastes are the material the properties of which can be modified using fine-grained 
mineral additions. These additives affect the properties of fresh mixes of and hardened concrete. As a result of 
technological advancement in various economic sectors and the promotion of environmentally friendly 
technologies, several new kinds of waste materials can be used in concrete production. Also, problems with the 
quality and availability of the commonly used additives foster the search for alternative fine-grained raw materials 
[3]. For these reasons, biomass ashes, ashes from the coal co-combustion with alternative fuels and mineral dusts 
have been added to the list of additives such as siliceous fly ash, calcareous fly ash and blast furnace slag. Natural 
pozzolana dusts are rarely applied in Poland [4]. From mineral additives limestone flour is an exception and is used 
as the addition, especially in the self-compacting concrete. The main disadvantage of the stone dust is the fact that 
the rocks have to be ground thus increasing the overall processing costs. Ground chalcedonite is another type of 
stone dust. It is derived as a waste product from gravel and chalcedonite sand quarrying. 
 
The purpose of this study was to evaluate the influence of varied amounts of ground chalcedony on alkali-silica 
reaction. 
2. Characteristics of chalcedonite 
Chalcedonite is a sedimentary siliceous rock. It occurs in the deposits located in Dęborzynek, Gapinin, Lubocz 
and Teofilów in there region of Tomaszów Mazowiecki and Nowe Miasto. The Teofilów deposit is currently the 
only deposit mined. Due to a very small area in which the chalcedonite deposits are found, it is regarded as a 
unique rock. The main constituents of chalcedonite include chalcedony and quartz, with small amount of iron 
hydroxides, opal, pyrite, manganese compounds and clay minerals [5]. The mineralogical composition of 
chalcedonite, expressed as percent by volume, is the following: chalcedony, opal and autogenic quartz 68 - 95%, 
quartz and other constituents 0.5 - 6 %, and pore spaces free and filled 2 - 25%. Table 1 shows the chemical 
composition of chalcedonite.  
 
Table 1. Chemical composition of chalcedonite [5]. 
Oxides Content [%] 
SiO2 96.36 - 98.73 
Al2O3 0.12 - 0.47 
Fe2O3 
CaO 
MgO 
K2O 
Na2O 
TiO2 
0.15 - 1.99 
0.19 - 0.30 
n. b. 
n. b. 
0.03 - 0.023 
0.06 - 0.16 
 
Chalcedonite is a homogeneous material as the silica content in the rock exceeds 95% by weight. The remaining 
constituents include marginal amounts of iron, aluminium and calcium oxides. At present, chalcedonite is used as a 
source of chalcedony sand and broken aggregate. 
3. Materials and methods 
Portland cement CEM I 42.5R with alkali content of 0.66% Na2Oeq and quartz sand, in which 6% of 0.5-1.0 mm 
fraction was replaced by opal, were used for mortars production and tested. Opal, due to its high reactivity, was 
used as an expansive ingredient of the aggregate. From these materials cement mortars were made, in which 
suitable amount of cement were replaced with ground chalcedony, of fineness less than 45 μm in size. Fig. 1 
presents the X-ray pattern of the chalcedony dust, and Fig. 2 shows its grains shape. 
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Fig. 1.  X-ray pattern of chalcedony dust used in the tests. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Micrograph of the grains surface of chalcedony dust. 
The density of chalcedony dust was 2.10 g/cm3 and its specific surface area 7350 cm2/g. Microscopic 
observations revealed regular, compact grains.  
 
To evaluate the effect of chalcedony dust on alkali-silica reaction, the fast test method was used, according to 
ASTM C1260 [6, 7]. The method consists of measuring linear changes of cement mortar bars, immersed in a 1N 
NaOH solution at 80°C. The length of the samples is measured, every day at the same time. Expansion of the 
mortar measured after 14 days of exposure is the measure of alkali reactivity of the aggregate. In the fast test 
method according to ASTM C1260, the strain lower than 0.1% after 14 days is indicative of non-reactive 
aggregate; the strain ranging from 0.1% to 0.2% indicates potentially reactive aggregate; when expansion exceeds 
0.2%, the aggregate is considered as reactive [8]. In the experiment six specimens  of the dimension 25mm x 
25mm x 285mm were made. In Table 2  the compositions and designations of the specimens are given. 
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Table 2. Designation and composition of mortar specimens [% by mass]. 
Designation of specimens w/c Cement 
[%] 
Chalcedony dust[%] 
OP 
OP + 5% chalc. 
OP + 10% chalc. 
0.45 
0.45 
0.45 
100 
95 
90 
- 
5 
10 
OP + 15% chalc. 0.45 85 15 
OP + 20% chalc. 0.45 80 20 
OP + 25% chalc. 0.45 75 25 
 
4. Test results and discussion  
Fig. 3 shows the expansion curves of samples from cement mortars with opal and those with opal and 
chalcedony, as a function of exposure time in the 1N NaOH solution, at temperature of 80°C. The red continuous 
line in Fig.3 marks the limit value of expansion for aggregates which do not exhibit any deleterious properties in 
alkali silica reaction. 
 
 
 
 
 
 
 
 
 
 
Fig .3. Expansion of cement mortars in 1N NaOH at 80°C. 
The obtained results indicate that the chalcedony dust used as a mineral addition in cement is reducing 
expansion, caused by ASR. The specimens made with more than 15% of chalcedony dust show a very slight 
expansion of 0.025% after one day of immersion, and nearly zero expansion after 14 days. 
 
After two weeks the microstructure of the cement mortars exposed to the 1 N solution of NaOH was examined. 
The Fig. 4 shows the microstructure of specimens OP and OP + 25% chalc., examined under SEM. 
 
Microstructure of the samples showed a significant relationship with the results of the expansion measurements. 
In both specimen types, that is, in the specimen without chalcedony dust (OP) and in the specimen containing 
under 10% chalcedony dust in which expansion was high, characteristic cracks were observed (Fig. 4a). The EDS 
analysis confirmed the presence of high amounts of alkalis in the cement mortars (Fig. 4b, 4c). High amounts of 
calcium and sodium occurred not only on the surface but also in the crack regions. In the specimen with 25% of 
chalcedony dust, no cracks were observed  (Fig.5). Expansion due to alkali silica reaction was reduced in the 
specimens with more than 15% of chalcedony dust, which is probably the result  of pozzolanic reaction.  
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Fig.4. (a) The microstructure of the cement mortar specimen OP ; (b) mortar surface with cracks; (c) EDS analysis of microvolume 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. The microstructure  of the cement mortar  specimen OP + 25% chalc. 
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Data reported in the literature indicate the positive effect of mineral additions with pozzolanic properties, added 
in the range 15 - 40% by cement mass, on the reduction of the levels of expansion, caused by alkali-silica reaction 
[2]. In the pozzolanic reaction, silica reacts with calcium hydroxide which is released in the cement hydration 
process and increases the content of C-S-H with a lower C/S ratio. The C-S-H phase formed during pozzolanic 
reaction has a lower C/S ratio than the C-S-H precipitated during cement hydration [9,10].  
 
The mechanism of expansion decrease by pozzolana is not clear, however, the increase of the evenly dispersed 
silica dust lowers the ratio of Na2O/SiO2 in silica gel, and above all, reduces the ability of the material to swell. 
The applied chalcedony dust may also help to evenly distribute the ions Na+ and K+ in the concrete, which do not 
cause the osmotic pressure increase [11].  
 
The siliceous mineral additives will reduce sodium and potassium concentrations in the concrete pore solution. 
The advancement of the alkali reaction with silica depends directly on this parameter and on the associated pH 
level. Low alkali content in concrete is a guarantee of the concrete expansion elimination in the case of reactive 
aggregate [2]. 
5. Conclusions  
The major experimental results are as follows: 
x The magnitude of the mortars expansion made with opal aggregate and with addition of chalcedony dust 
depends on the amount of this additive. 
x Addition of more than 15% of the chalcedony dust in the cement decreases ASR expansion of mortars to a safe 
level. 
x In the mortar without chalcedony dust and with 5% of this additive, which showed substantial expansion, the 
presence of  sodium-calcium silicate gel was observed. 
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